In order to seek the reasonable Laser forming process parameters of TC4 titanium alloy, and to control forming quality, based on the element life and death technique of finite element methods (FEM), detailed numerical simulation of single track and multi-layer temperature field of TC4 titanium alloy during laser rapid forming was conducted with ANSYS parametric design language (APDL). And get the distribution of temperature field and temperature gradients. The calculated results show that the distribution of temperature field changed with the movement of laser beams and the heat affected area have been expanded along with the increase of the scanning time, temperature increase gradually and temperature gradients obviously changed in molten pool area. The temperature gradients in sample are mainly along deposition direction. In the end, carry on an experimentation research testing and verifying according to the simulation parameters, proof that the results can meet the actual situation analysis results, and forming a sample with good performance.
INTRODUCTION
Laser rapid forming is a rapid metal parts manufacturing technology based on disperse & cumulate. The technology comprehensively using laser, computer, CAD/CAM and material technique, is a near net shape forming manufacturing technology of complex parts.
Titanium alloy laser rapid forming lets the titanium alloy powder constantly enter into the laser beam through powder feeder, and then to melt with the multidirectional movement of workbench. The technique can realize metal parts forming with high performance and complex structure. Because the forming parts and the laser beam constantly relatively move, in the sample internal different area and the area sample between substrate produce a great temperature gradients, thus directly affect the internal organization and mechanical properties of the forming sample. So we should master the law of each point temperature variation with time to form structure with excellent performance. However, the laser rapid forming is a complex metallurgy process. It is difficult to obtain the dynamic distribution in transient temperature field in the forming process. So we choose the element life and death technique of finite element methods (FEM) to simulate the process [1] [2] [3] [4] .
Element life and death technique
In order to fully simulate the conditions that the thin wall constantly grows with the reciprocating motion of workbench, as shown in figure 1 . We choose the element life and death technique. Firstly, we build the model, then kill all the cladding elements, and revive all the dead cladding element step by step. 
The analysis of latent heat of phase change
In the forming process, cladding layer standing highly uniform process with urgent hot and urgent cold, that is phase change. The phase change is a nonlinear transient thermal analysis, so we should consider the latent heat of phase change. In ANSYS, we consider latent heat through the definition of the material enthalpy which changes with the temperature. The enthalpy can be calculated as the below equations shown.
ρ where the ρ is the density, C(T) is specific heat capacity, T is temperature.
Assumptions
Before the simulation, we assume the conditions, include (1) Material is isotropic. (2) In the forming process, there in only solid into liquid transformation, no liquid into gas transformation on the surface. 
Boundary conditions
The boundary conditions at the L/G (Liquid/Gas) interface include the energy gains, such as absorbed laser power and the heated powder entering the molten pool, and the energy losses such as convection and radiation heat transfers. A Gaussian distribution was considered for the laser beam [5] [6] . 
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The extra energy brought by the addition of the heated powder (assuming the powder has the same material properties as the substrate ) can be expressed as
where T m is melting temperature, T 0 is ambient temperature, L m is enthalpy, F p is the add speed of mass in the welding pool.
The boundary conditions at the L/G interface for the energy equation can be formulated as
where A h denotes the heat transfer coefficient of the forced convection, σ is Stenfan-Boltzmann constant, ε is radiant emittance.
BUILD THE FEM MODEL
We use the APDL (ANSYS Parametric Design Language) to build the FEM model and mesh it (select solid 70 element), as shown in figure 2. In order to accurately reflect the temperature field distribution rule of the forming process, we need the smaller grid to ensure enough calculate accuracy. However, the more grids can cause the calculated time to be longer. In order to comprehensively considerate it, in the substrate we select relatively bulky grid and in the cladding layer we choose relatively small grid partition. In the simulation, the substrate material is TC4 (Ti-6Al-4V) titanium alloy with the size of 45mm×30mm×10mm. The cladding layer material is also TC4 with the size of 45mm×3mm×7mm. Scanning 10 layers, every layer is 0.7 mm. The material composition and thermal physical of TC4 are shown in table 1 and table 2 . In the FEM we use reciprocating scanning way. The path is shown in figure 3 . The workbench descends a layer height after one layer deposition finished, then deposit the next layer. The process parameters in the model are shown in table 3. In the simulation, the ambient temperature is 20°C, and the whole process lasts 188s. figure 4 shows the temperature field distribution in different time. Through the contrast analysis we can find that with the laser beams moving, the temperature distribution field corresponding change, and the heat affected zone expands unceasingly, the temperature gradually increases. The reason is that the laser beam heats the forming areas again and again in the forming process, resulting in the accumulation of heat. The temperature gradually increases and the heat affected zone expands unceasingly.
CALCULATION AND ANALYSIS OF TEMPERATURE FIELD
Table3: The parameters of forming process. the last node in the first layer, so their cycle just is 18.8s. It is evident that the range of the periodical change is gradually reduced, that is because the molten pool kept off the first layer node along with the increase of the scanning layer. Contrast to the four nodes, we can also find out that the time interval when they get to the first peak is 6.3s. This is because they are successively been activated, which can explain that the "element life and death" technique can simulate the forming process.
In addition, according to the temperature gradient vector diagram in different time, we know that temperature gradient is on the uneven distribution in the sample. In the area influenced by the laser energy, the temperature gradient is very strong and very concentrated, while in the area far away from the laser energy, the temperature gradient is not only smaller but also scattered. We can see that in the molten pool or near it, the temperature gradient is very strong. The temperature gradient along the direction of the growth is vertical distributed. Other direction is smaller.
EXPERIMENTATION RESEARCH TESTING AND VERIFYING
In order to explore whether the simulation results can effectively guide the actual needs or not, we carry on an experiment research testing and verifying according to the simulation parameters. The lasers is 5KW CO 2 crossflow lasers. Before the experiment, we make TC4 substrate profile grinding, then use the acetone to clean-up it. Titanium alloy powder of TC4 is in 120 °C vacuum environment to be stoved. We choose infrared radiation thermometer which is made in DIAS company of Germany to detect the temperature field, as is shown in figure 6 . The measuring range is 500-3000°C. Measure the temperature in the whole process. Use the method of linear cutting to form sample section as metallographic sample, then grind and polish the sample. Use the corrosive reagent [7] (HF(2ml)+HNO 3 (2ml)+ glycerol (6ml)) to etch the sample, then prepare metallographic, and observe the microstructure of cladding layer using optical microscope and scanning electron microscope. DIAS temperature measurement interface is shown in figure 7 . In the experiment, measure the temperature in node (0, 0, 0), output the data by excel form, extract some discrete points and draw a chart as is shown in figure 8 . We can see the trend of temperature change is the same to the simulated result as is shown in figure 5 . The simulation is set in the ideal situation and the radiation thermometer is out the watch window of the vacuum tank. The measure distance and angle is limited, so the actual measurement of the temperature is lower on the whole. In the end, we form a sample (figure 9) based on the guidance of simulation parameters with favorable appearance and metallographic structure (figure 10). 
CONCLUSIONS
In the laser rapid forming process, the cladding layer stands extremely uneven process with the urgent hot and urgent cold. The place, in and near the molten pool, is heated sharply, and then cooling and solidification. This is a very complicated metallurgy process. We take full advantage of the element life and death technique of ANSYS detailed numerical simulation of single track and multi-layer temperature field of TC4 titanium alloy, which provide an important basis in process parameter selection for TC4 titanium alloy laser forming. It can be perceived that the temperature increases gradually and temperature gradients obviously change in molten pool area. The temperature gradients in sample are mainly along deposition direction.
Carry on an experimentation research testing and verifying according to the simulation parameters. It proofed that simulation the laser forming process by APDL can achieve the purpose of finding the optimal parameters combination. 
